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1. Pin Assignment
(TOP VIEW)
ano: 1] () ] 24:FB
REFIN: 2 [ | ]23:v0
VREF: 3 [ | | ] 22:RT
CcsS: 4[| [ ]21:cB
COVP: 5[ | | ]20:0UT-1
CUVP: 6 [ | | ]19:LX
PGOOD: 7 [ | resoree ] 18:VBIN
CTL: 8[| | ]17:vce
LSAT: 9[ |  ]16:vB
ILIM: 10 [ [ ]15:0UT-2
+INC: 11 [ | ]14:PGND
-INC:12 [] | ]13:Fsw
(FPT-24P-M09)
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2. Pin Descriptions

Pin No. Pin Name 110 Description

1 GND - Ground pin.

2 REFIN | Reference voltage input pin for Error Comp.

3 VREF (0] Reference voltage output pin.

4 CS | Soft-start time setting capacitor connection pin.

5 COVP ) Detection time §etting capa.citor connection pin.for'OV'P function..
The OVP function can be disabled by a short circuit with GND pin.

6 CUVP ) Detection time.setting capa.citor connection pin‘ for.UV‘P functioq.
The UVP function can be disabled by a short circuit with GND pin.

7 PGOOD (0] Power-Good detection circuit output pin. (Open-drain output)

8 CTL | Power supply control pin.
IC changes to standby state when CTL is set to “L” level.

9 LSAT | Inductor oversaturation detection level setting voltage input pin.

10 ILIM | Over current detection level setting voltage input pin.

11 +INC | Current detection block (Current Sense) input pin.

12 -INC | Current detection block (Current Sense) input pin.

13 FSW | Preset value switching pin for operating frequency.

14 PGND - Ground pin for output circuit.

15 OuUT-2 (0] Output pin for external low-side FET gate drive.

16 VB (0] Bias output pin for output circuit.

17 VCC - Power supply pin.

18 VBIN Bias voltage external input pin for output circuit and control circuit.

19 LX - Inductor and external high-side FET source and external low-side FET drain connection pin.

20 OUTA1 (0] Output pin for external high-side FET gate drive.

21 cB ) Connection pin for t?oot strap capacitor. .
It connects a capacitor between CB and LX pins.

22 RT - Connection pin for tgy time setting resistor.

23 VO | Input pin for DC/DC output voltage.

24 FB | Feedback pin for DC/DC output voltage.
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3. Block Diagram

MB39A130A
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= CYPRES% MB39A130A
4. Absolute Maximum Ratings
Rating
Parameter Symbol Condition Unit
Min Max
Power supply voltage Vee - - 27 \%
CB pin input voltage Ve - - 32 \
Voltage between CB and LX VeBLx - - 7 \
Bias external input voltage VBN — — 7 \Y
Control input voltage \ CTL pin - 27 \%
V| FB, VO, REFIN, FSW pins - VB +0.3 \Y
Vine - - 27 \
Input voltage Vne — — 27 \Y
Vium - - VB + 0.3 \
VisaT - - VB +0.3 \Y
PGOOD pin voltage Vpg — — 7 \Y
Output current lout DC - 60 mA
Power dissipation Pp Ta<+25°C — 1315 mQ
Storage temperature Tste - -55 +125 °C

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.
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5. Recommended Operating Conditions

Value
Parameter Symbol Condition Unit
Min Typ Max

Power supply voltage Vee - 4.5 - 25.0 Vv

CB pin input voltage Ve - - - 30 \
Reference voltage output current IREF - -100 - 0 pA
Bias output current lvg — -1 — — mA

CTL pin input voltage \ CTL pin 0 - 25 Vv

V| FB, VO, REFIN, FSW pins 0 - VB \Y

Viine - -0.3 - +29 \Y

Input voltage V.ne — -0.3 — +25 \Y

Vium - 0 - VB \Y

VisaT - 0 - VB \Y

PGOOD pin output voltage Vpg - 0 - 5.5 Vv
PGOOD pin output current lpg - 0 - 4 mA
Peak output current lout ?tuiyfﬁz;c « Duty) -1200 - +1200 mA
Operation frequency range fosc - 100 450 780 kHz
Timing resistor Rt - — 43 - kQ
Current detection resistor Rs — — 10 — mQ
Soft start capacitor Cs - - 0.018 - uF
CB pin capacitor Cca - - 0.1 - uF
Reference voltage output capacitor CRrer - - 0.01 1.0 uF
Bias voltage output capacitor Cvs - - 2.2 10 uF
Operating ambient temperature Ta - -30 +25 + 85 °C

WARNING: The recommended operating conditions are required in order to ensure the normal operation of
the semiconductor device. All of the device's electrical characteristics are warranted when the
device is operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges.
Operation outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented
on the data sheet. Users considering application outside the listed conditions are advised to contact
their representatives beforehand.
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6. Electrical Characteristics

(Ta=+25°C, VCC pin=15V, CTL pin =5V, VREF pin =0 mA)

Pin . Value i
Parameter Symbol Condition Unit
y No. Min Typ | Max
Output voltage VREF 3 - 2.463 2.500 2.537 \Y
Reference Volt- Load stability Load 3 VREF pin =0 pA to -100 pA - 1 10 mV
age Block [REF -circui -
g [REF] IfSehnc:rt circuit output cur. los 3 |VREF pin=0V 20 10 5 A
] Output voltage Vg 16 - 4.9 5.0 5.1 \
Slﬁikv oltage Inside/Outside switching | Vrin 18 [VBINpn 43 45 47 v
[VB Reg ] threshold VTHL 18 | VBIN pin 4.1 4.3 45 \
' Switch (SW) resistor Rsw 18 |VBINpin=5V - 41 — Q
V. 16 | VB pi 3.8 4.0 4.2 \Y
Threshold voltage TLH p!n
Under voltage VTHL 16 | VB pin 3.1 3.3 3.5 \Y
Lockout Protec- Hysteresis width Vi 16 | VB pin — 0.7+ — v
tion Circuit Block V1LH 3 VREF pin 1.8 2.0 2.2 \
Threshold volt
[UVLO] reshold vottage VoL 3 [VREF pin 16 18 2.0 Y
Hysteresis width Vy 3 VREF pin - 0.2* - \%
Soft-Start/Dis- Charge current lcs 4 CTLpin=5V,CSpin=0V -6.3 -4.5 -3.1 pA
charge Block Electrical discharge R 23 CTLpin=0V, _ 16*1 _ o
[Soft-Start/ Dis- | resistance D VO pin>0.3V
charge] Discharge end voltage Vo 23 [CTLpin=0V — 0.3*T — Vv
RT pin = 43 kQ,
) FSW pin = GND,
ON time ton 20 VCC pin = 15V, 246 280 314 ns
VO pin =15V
RT pin = GND,
ON time FSW pin = VREF pin,
(Preset value 1) fon 2 20 lyee pin=15V, 212 390 508 ns
VO pin=15V
ON/OFF Time ON i E-srv?/in'z S;l\\l/g .
Generator Block |5 T ton3 | 20 |loer sy 142 | 220 | 298 | ns
[ton Generator] (Preset value 2) pin = ,
VO pin=1.5V
Minimum OFF time torr 20 - 360 480 600 ns
Rt external condition VEswi 13 | FSW pin 0 - 1.5 \%
Preset value 1 condition VEsw2 13 |FSW pin 1.5 VREF | VB-1.5 \%
Preset value 2 condition VEsw 13 |FSW pin VB-1.5 - VB \%
IFswL 13 |FSWpin=0V -10 -5 - pA
Input current lFswMm 13 | FSW pin = VREF pin -1 0 +1 pA
lFswH 13 | FSW pin = VB pin - 5 10 pA
(Continued)
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(Ta = +25°C, VCC pin = 15V, CTL pin = 5 V, VREF pin = 0 mA)

Pin " Value :
Parameter Symbol | o Condition - Unit
. Min Typ Max
Vor 23 |REFINpIn=GNDpin, FBpin= | 4 1750 | 1490 | 1.208 v
Output bottom de- VB pin
tection voltage REFIN pin = VB pin
Voo 23 FB pin = VB pin 2.453 2.490 2.527 \
VEg1 24 REFIN pin = GND pin 0.693 0.700 0.707 \
REFIN pin = GND pin*?, 2 2
N VEg1T 24 Ta=-20°C to +70°C 0.689 0.700 | 0.711 \
Output Voltage Set- | Feedback voltage — -
ting Block VEg2 24 REFIN pin = VB pin 1.442 1.457 1.472 \
[VO REFIN Control, REFIN pin = VB pin*3, 2 2
Error Comp.] Veear 24 Ta=-20°C to +70°C 1435 1.457 1479 v
ZitFIN nputeur- | 2 |REFINpin=06V 0.5 0 +0.5 WA
FB input current I 24 FB pin=0.7 V -0.5 0 +0.5 pA
VO input current lvo 23 VO pin=2V - 17.0 243 pA
VTH1 24,2 | REFIN, FB pins : Hi-side 24 25 - \Y
Threshold voltage
VTH2 2 REFIN pin : Lo-side - 0.3 0.4 \
Current Detection
Block Input current linc 11,12 | +INC, -INC pins =0 -1.0 -0.3 — pA
[ Current Sense ]
(+INC pin) - (-INC pin)
V1h 11,12 [ILIMpin=5V 40 50 60 mV
Current limit set- Internally fixed value
Over Current Detec- | ting value (+INC pin) - (-INC pin)
tion Block Vit 11,12 |ILIMpin=1.0VExternally fixed | 90 100 110 mv
[ ILIM Comp. ] value
Input current lium 10 ILIMpin=0V -1 0 +1 pA
Threshold voltage V1hs 10 ILIM pin 3.5 3.7 - \Y
Oversaturation . .
. . (+INC pin) - (-INC pin)
\c/iaeltjgtlon setting V1H 11,12 LSAT pin = 2.0 V 180 200 220 mV
Inductor Saturation
Detection Block Input current I saT 9 LSAT pin=0V -1 0 +1 pA
[LSAT Comp.] LSAT pin sink cur-
rent at detection of I saT2 9 LSAT pin=1V 7.7 10.0 14.3 pA
oversaturation
(Continued)
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(Ta = +25°C, VCC pin = 15 V, CTL pin = 5 V, VREF pin = 0 mA)

Pin " Value .
Parameter Symbol | o Condition : Unit
: Min Typ Max
Over-voltage de- . INTREF INTREF INTREF
tecting voltage Vovp 24 | Error Comp. input X1.12 x1.15 X1.18 v
Over-voltage Protec- | Charge current Icovp 5 - 7.7 5.5 -4.1 HA
tion Circuit Block
[OVP Comp.] Threshold voltage V1 5 COVP pin - VBX0.5 - \%
COVP pin _ _ 1 _
on-resistance Reove 5 11 kQ
Under-voltage de- . INTREF INTREF INTREF
tecting voltage Vuve 24 | Error Comp. input X0.65 X0.70 X0.75 v
Under-voltage Protec- Charge current lcuvp 6 — 7.7 -5.5 -4.1 pA
tion Circuit Block
[UVP Comp.] Threshold voltage V1H 6 CUVP pin — VBX0.5 — \
CUVP pin . . 1 .
on-resistance Reuve 6 1 kQ
Threshold voltage VTHL 24 Error Comp. input IT<BR8IE7F IT(BRQ%F IT(BRgiF \Y
Power-Good Detection | Hysteresis width VH 24 | Error Comp. input - INTREFX0.02*" - Y%
Circuit Block
[PGOOD Comp.] Output leak current | I gax 7 PGOOD pin=5V - 0 1 pA
L" level output VoL 7 |PGOOD pin = 1 mA - 0.1 0.4 Vv
voltage
Over-temperature Protection temper- | TOTPH - - - +150*" - °C
Protection Circuit ature
Block [OTP] ToteL - - — +125*1 — °C
(Continued)
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(Continued)
(Ta=+25°C, VCC pin = 15V, CTL pin =5V, VREF pin = 0 mA)
. . Value .
Parameter Symbol | Pin No. Condition - Unit
Min Typ Max
High-side output RowH 20 OUT-1 pin = — 100 mA - 4 7 Q
on-resistance RoL 20 | OUT-1 pin =100 mA - 1.0 35 Q
Low-side output Rou 15 | OUT-2 pin =-100 mA - 4 7 Q
on-resistance RoL 15 | OUT-2 pin = 100 mA - 1.0 35 Q
LXpin=0V,
Output source cur- CBpin=5V, . 1 _
rent source | 1520 OUT-1, OUT-2 pins =25V, 0.5 A
Output Block Duty < 5%
[Drv-1, Drv-2] uty <5%
LX pin=0V,
CBpin=5V, _ 1 _
Isinki 20 oyt pin=2.5V, 0.9 A
Output sink current Duty < 5%
OUT-2pin=25V, _ o _
ISINK2 15 Duty < 5% 1.8 A
. LX pin=0V, _ 1 _
Dead time Tp 15,20 CBpin=5V 50 ns
ON condition Von 8 - 2 - 25 \
OFF condition Vorr 8 — 0 — 0.8 \
Control Block [CTL]
loTLH 8 |CTLpin=5V - 25 40 pA
Input current
leTLL 8 |CTLpin=0V — 0 1 A
Standby current lccs 17 CTLpin=0V — 0 10 pA
CTLpin=5V,
REFIN pin = GND pin, .
lcc 7 | XpinoV, 1.3 22 mA
General Power-supply cur- FBpin=1.0V
rent CTLpin=5V,
LXpin=0V, _
lcc2 7 | FBpin=10V, 130 220 pA
VBIN pin=5V

*1: This parameter is not be specified. This should be used as a reference to support designing the circuits.
*2: This parameter is guaranteed by design, which is not supported by a final test.
*3: For the measurement circuit, see the “Diagram of Feedback Voltage Measurement Circuit”.
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7. Diagram of Feedback Voltage Measurement Circuit
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8. Typical Characteristics
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Operating ambient temperature
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DRVH on time tgy 2 (nNS)
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Dead time tp (ns)

Dead time vs.
Operating ambient temperature
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9. Function

Bottom detection comparator system
The bottom detection comparator system uses fixed ON time (toy) and the switching ripple voltage which superimposed the output

voltage (Vo) , instead of a certain triangular waveform.
The toy time is uniquely defined by the power supply voltage (V)y) and the output voltage (Vg) .

During the toy period, a current is supplied from the power supply voltage (V|y) . This results in an increased inductor current (I x).
And also an increased output voltage (V) due to the parasitic resistance (ESR) of the output capacitor.

And when the topr period arrives, the energy accumulated in the inductor is supplied to the load to decrease the inductor current
(I.x) gradually. Consequently, the output voltage (V) , which has been increasing due to the parasitic resistance (ESR) of the

output capacitor, also decreases.
When the output voltage goes below a certain Vggg potential, SR-FF is set and the toy period comes back.

Switching is repeated as described above. Error Comp. is used to compare the reference voltage (VREF) with the output voltage
(Vo) to control the off-duty condition in order to stabilize the output voltage.

Bottom Detection Comparator Model

VIN
ton time setting circuit |
Error Comp.
R
VREF Q | ILx
S ! —_—>
Vo
SR-FF
ESR

Vo , \
AN NN N
VREF ' ] '
1 ] 1
1 ] 1
' R i toFF
\_ toN J
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9.1 Reference Voltage Block (REF)

The reference voltage block (REF) generates a temperature-compensated stable voltage (2.5 V Typ.) based on the voltage
supplied from the VCC pin (Pin 17) . It is used as the reference power supply for the IC’s internal circuit.

The reference voltage is output from the VREF pin (Pin 3), and up to 100 pA can be supplied to the outside as the maximum load
current.

9.2 Under Voltage Lockout Protection Circuit Block (UVLO)

A bias voltage (Vg), a transitional state at startup, or a sudden drop in an internal reference voltage (Vrgg) leads to malfunction of
the control IC, causing system destruction/deterioration. To prevent such malfunction, the under voltage lockout protection circuit
detects a voltage drop at the VB pin (Pin 16) or the VREF pin (Pin 3) and fixes the OUT-1 pin (Pin 20) and the OUT-2 pin (Pin
15) to the “L” level. When voltages at the VB pin and the VREF pin exceed the threshold voltage of the under voltage lockout

protection circuit, the system is restored.

Table of Protection Circuit (VB-UVLO, VREF-UVLO) Operation Functions
The logics of the following pins are fixed during UVLO operation (when VB and VREF voltages are below the UVLO threshold

voltage) .

OuUT-1 OuUT-2 CS OVP uveP
L L L Latch reset Latch reset
COVP =L CUVP =L

9.3 Soft-start Block (Soft-Start)

It prevents a rush current or an output voltage (V) overshooting at the output start.

It prevents a rush current at start-up by connecting a capacitor to the CS pin (Pin 4) .

When the CTL pin (Pin 8) is set to the “H” level, the capacitor connected to the CS pin starts charging and its lamp voltage is input
to the error comparator (Error Comp.) . This allows for the setting of the soft-start time that does not depend on the output load of
the DC/DC converter.

9.4 Discharge Block (Discharge)

It discharges electrical charges stored in a smoothing capacitor at output stop. When the CTL pin (Pin 8) is set to the “L” level, the
OUT-1 pin (Pin 20) and the OUT-2 pin (Pin 15) are set to the “L” level and turn on the discharging FET (RON = 16 Q) which is
connected between the VO pin (Pin 23) and GND. When the voltage at the VO pin falls below 0.3 V, the discharging FET is turned
off and the IC changes to standby state. The discharge function also operates after the under-voltage protection circuit block (UVP
Comp.) is latched or when the over-temperature protection circuit block is in operation.
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9.5 ON/OFF Time Generator Block (tgy Generator)
The ON time generator block (tgy Generator, ON ONE-SHOT) has a built-in capacitor for timing setting. When the FSW pin (Pin
13) is connected to GND, ON time that is dependent on the input voltage is generated by connecting a timing setting resistor to the

RT pin (Pin 22).

\Y,
ton= O xRyx0.059 + 30
CcC
ton : ON time on high-side FET [ns]
Rt : Timing resistor value [Q)]
Vee : Power supply voltage [V]
Vo : Output voltage [V]

If the Vo1 and V2 voltages are 0.1 V or less at soft-start, it is fixed in a value at 0.1V in Vg1 and Vg2 in ON time.
In addition, the FSW pin can be used to switch the ON time setting between the setting by the resistor that is externally connected to

the RT pin and the setting by the IC’s internal resistor.
The OFF time generator block (OFF ONE-SHOT) generates 480[ns] (Typ.) as the minimum OFF time.

— 1) X tON
ton : ON time on high-side FET [ns]
Vee : Power supply voltage [V]
Vo : Output voltage [V]
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Output Voltage Setting Block (VO REFIN Control, Error Comp.)

The output voltage setting block (VO REFIN Control, Error Comp.) supports the setting of various output voltages according to
connecting destination or the external circuit of the REFIN pin (Pin 2) and the FB pin (Pin 24) .

FB O
24

REFIN @_.

VO
Comp 1 XSW1
g swe
2.5V
; Error Comp.
SW3
+
INTREF
.—
Hamp 1, 46V; 7;0 7V
2.5V

ﬁi
+
iy

0.3V
Output Voltage Setting Table
INTREF (Internal ref-
REFIN FB SW state erence voltage) Remarks
GND VB SW2,5:0N, SW1,3,4:0FF 0.7 V (Typ.) VO = 1.2V set (internal setting)
VB VB SW2,4:0N, SW1,3,5:0FF 1.46 V (Typ.) VO = 2.5V set (internal setting)
Internal reference voltage fixed to 0.7 V, output
. . voltage setting discretionary by external resistor
GND 0.7V SW1,5:0N, SW2,3,4.0FF 0.7V (Typ.) value ratio between VO-FB and between
FB-GND
Internal reference voltage fixed to 1.457 V, output
. . voltage setting discretionary by external resistor
VB 1.457 V SW1,4:0N, SW2,3,5:0FF 1.457 V (Typ.) value ratio between VO-FB and between
FB-GND
The reference voltage can be discretionary set by
0.5V the external resistor value ratio between
to VB SW2,3:0N, SW1,4,5:0FF = REFIN pin voltage | VREF-REFIN and between REFIN-GND, and the
22V built-in feedback resistor for the output setting is
used.

Error Comp. detects the end timing of the OFF period by comparing the non-inverting input and inverting input. In other words, it

detects that the output voltage has fallen below the output setting voltage, and puts the output in ON state. In this case, the delay

time is 100 ns (Typ.) .
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9.7 Current Detection Block (Current Sense)

This circuit is used to detect a inductor current (l.) . The current detection block (Current Sense) converts a voltage waveform
between the +INC pin (Pin 11) and the -INC pin (Pin 12) into the GND-standard voltage waveform. Therefore, it can detect a ripple
current of the inductor by the current sense resistor Rg connected between the +INC and -INC pins.

9.8 Over Current Detection Block (ILIM Comp.)

Comparing the current value of the current sense resistor and the setting value of over current detection starts the over current
protection operation. The over current detection block (ILIM Comp.) compares the output voltage waveform in the current detection
block and the over current detection level which is 1/10 of the voltage externally set to the ILIM pin (Pin 10). The over current
detection block detects the bottom value of the ripple current which flows into the inductor. The OFF state has been kept until the
output voltage waveform in the current detection block goes down below the over current detection level, and the ON state of the
high-side FET is permitted when the waveform goes down below the level. This is the protection operation against the over current.
The protection operation is the operation which drops the output voltage.

Moreover, the over current detection level can be set to a fixed value (50 mV Typ.) by applying 3.8 V (Typ.) or more voltage to the

ILIM pin.

e Current detection block / Over current detection block

Inductor Current (L)
IL |Lripple lL(peak)
—_
LOAD
L Rs \
;J; I (bottom)
t
—INC
Current

—+|NC@_ Sence
ILIM Comp.

ILIM +

to Drive Logic

Rs : Current sense resistor
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9.9 Inductor Saturation Detection Block (LSAT Comp.)
As an auxiliary function for over current protection, this circuit prevents the occurrence of excessive currents due to magnetic

saturation of the inductor.

The inductor saturation detection block (LSAT Comp.) compares the output voltage waveform of the current detection block
(Current Sense) with 1/10 of the saturation detection level of the voltage externally set to the LSAT pin (Pin 9) and detects the peak

value of the ripple current that flows to the inductor.

During the ON period of high-side FET, the output voltage waveform of the current detection block exceeds the saturation detection
level, immediately after it detected that it sets an OFF-state. Simultaneously, it also sets an SR latch in LSAT Comp. and sinks 10 pA
(Typ.) of a constant current from the LSAT pin. This SR latch is reset in every cycle and the same operation is repeated. The
saturation detection level goes down by sinking the electric charge of the capacitor connected to the LSAT pin in every cycle.
Depending on the external parts or use conditions, the ILIM and LSAT pins must be set to various voltages; therefore, the detection
level can be set freely by the external resistor value ratio.

Moreover, the saturation detection function can be disabled by applying 3.8 V (Typ.) or more voltage to the LSAT pin.

Inductor Current (I
I llRiPPLE . (_L_) ____________ I_" (peak)
—>
LOAD e N - - -----lLoAD
L Rs J N N\ B
J/; I. (bottom)
"
-INC
Current
Vegr +|NC@_ Sence
LSAT Comp.

- to Drive Logic

LSAT | . .
@ R i
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9.10 Over-voltage Protection Circuit Block (OVP Comp.)

The circuit protects an output connecting device when the output voltage (V) rises.

This function is that 1.15 times (Typ.) of the internal reference voltage (INTREF) that is set by the output voltage setting block (VO
REFIN Control) is compared with the voltage that is inverting-input into Error Comp. If the thing that the inverting-input-voltage into
Error Comp. has gone up is detected, an SR latch is set, each pin's logic is fixed as described in “Function table when the
over-voltage protection circuit block is in operation”, and the voltage output is stopped.

* Function table when the over-voltage protection circuit block is in operation
OUT-1 OUT-2 Ccs PGOOD

L (High-side FET : OFF) H (Low-side FET : ON) L L

» Timing chart example for over-voltage protection operation (PGOOD pulled up to VB)
INTREF x 1.15

1 1
1 1
1 1
70
| |
| |
| |
| |

ouT-2 | J_|_|_|_|_|_|_|_|J_|J

PGOOD

SR latch

<>

Detection time 200[ns]
(reference value)

The over-voltage protection state can be cancelled by setting the IC to standby state first and then resetting the latch using the
UVLO signal. Also, the over-voltage protection function can be disabled by causing a short between the COVP pin (Pin 5) and the

GND pin (Pin 1).
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9.11 Under-voltage Protection Circuit Block (UVP Comp.)

It protects an output connecting device by stopping the output when the output voltage (Vo) drops.

This function is that 0.7 times (Typ.) of the internal reference voltage (INTREF) that is set by the output voltage setting block (VO
REFIN Control) is compared with the voltage that is inverting-input into Error Comp. If the thing that the inverting input-voltage into
Error Comp. has dropped is detected, the capacitor connected to the CUVP pin (Pin 6) starts charging.

When the voltage at the CUVP pin rises and an SR latch is set in UVP Comp., the PGOQOD pin (Pin 7) is set to the “L” level and
discharge operation is performed to stop the voltage output.

» Function table when the under-voltage protection circuit block is in operation
OouT-1 OUT-2 CS PGOOD

L (High-side FET : OFF) L (Low-side FET : OFF) L L

» Timing chart example for under-voltage protection operation (PGOOD pulled up to VB)

1
1
_____ e ——_. INTREFx0.7

OuT-1 |

VB x 0.5
CUVP

SR latch

Detlection ti'me

The under-voltage protection state can be cancelled by setting the IC to standby state first and then resetting the latch using the
UVLO signal.
Also, the under-voltage protection function can be disabled by causing a short between the CUVP pin and the GND pin (Pin 1).

9.12 Power-Good Detection Circuit Block (PGOOD Comp.)

This function is that 0.9 times (Typ.) of the internal reference voltage (INTREF) that is set by the output voltage setting block (VO
REFIN Control) is compared with the voltage that is inverting-input into Error Comp. If the thing that the inverting-input voltage into
Error Comp. has raised is detected, it determines that the output voltage of the DC/DC converter has reached the setting voltage
and turns off N-ch MOS which are built into the PGOOD pin (Pin 7).

Timing Chart Example (PGOOD Pulled Up to VB)

oL —| i o I i
VB ——o o : '
____________ e NN\ _________ INTREFx0.92
"""""" 1T A T T TN T T T T 777 INTREFX0.90
FB I | | | 1
PGOOD E— - —
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9.13 Output Block (Drv-1, Drv-2)
This circuit drives the external N-ch MOS FET. The output circuit is configured in CMOS type for both the high-side and the low-side.

9.14 Control Block (CTL)
The block changes to standby state, when the CTL pin (Pin 8) is set to the “L” level.

(The maximum power-supply current at standby is 10 pA.)
Setting the CTL pin to the “H” level can send the DC/DC converter block into operating state.

Control Function Table

CTL DC/DC converter
L OFF
H ON

9.15 Bias Voltage Block (VB Reg.)

It outputs 5 V as the power supply to the internal control circuit and for setting the bootstrap voltage.

Moreover, it can switch the 5 V power supply to external (VBIN) from internal (VB Reg.). By inputting the voltage of 4.5 V (Typ.) or
more to the VBIN pin (Pin 18) from outside.

9.16 Over temperature Protection Circuit Block (OTP)

The circuit protects an IC from heat-destruction. If the junction temperature reaches + 150°C, the over temperature protection circuit
sets the CS pin (Pin 4) to the “L” level, the OUT-1 pin (Pin 20) and the OUT-2 pin (Pin 15) to the “L” level, and turns on the
discharge FET (RON = 16 Q) which is connected between the VO pin (Pin 23) and GND. In addition, if the junction temperature
drops to + 125°C, the normal operation restarts. The condition for the over temperature protection function to operate is that the
maximum rating of this IC is exceeded. Therefore, make sure to design the DC/DC power supply system so that the over
temperature protection does not start frequently.

10. Protection Function Table

Control/ Output of each pin after detection ;
protection Detection condition bcipc outtp ut dr?pplng
function VREF VB OUT-1 OUT-2 operation, etc.
Under Voltage Lock Out | VB < 3.3 V .
(UVLO) VREF < 1.8V <18V | <33V L L Self-discharge by load
Under Voltage Protec- |FB < INTREF x 0.7 Discharge by IC discharge function
tion Equivalent to less than 25V 5V L L Discharge stopped at
(UVP) VOx 0.7 VO<0.3V
] FB > INTREF x 1.15
Over Voltage Protection | £ i clent to VOx1.150r | 2.5V 5V L H VO =0 V clamping
(OVP)
more
Over Current Protection +IN(.: (0 -INC>ILIM . o Dropping by constant current
Equivalent to over current | 2.5V 5V switching switching
(ILIM) ) (Output drops but does not stop)
detection value
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Control/ Output of each pin after detection ;
protection Detection condition DC/bC OUtt'? ut dr?pplng
function VREF | VB | OUT-1 OUT-2 operation, efc.
Over Temperature Pro- Discharge by IC discharge function
tection Tj> +150°C 25V 5V L L Discharge stopped at
(OTP) VO<03V
Discharge by IC discharge function
CONTROL CTL:H-—>L VREF =0V, VB=0V, and discharge
(CTL) (VO>0.3V) 25V SV L L stopped at
VO<03V
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11. 1/0 Pin Equivalent Circuit Diagram

<<Reference voltage block>>

<<ON/OFF time generator block>>

VB VB 4_.w
x*
VREF | G
RTCD_._l_K
A

<<Over voltage protection block>>

<<Under voltage protection block>> <<ON/OFF time generator block>>

v <
VB

FSW (13— W\—e e@e-----

GND

GND¢—e
<<Bias voltage block>>

VCC =

VB
VBIN

* : ESD protection element

GND <o ot ®
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GND

VB

GND

<<Control block>>

<<Power-Good detection block>>

PGOOD

VCC ¢

4—

4—

<<Soft-start block>>

VB ¢

<<Output voltage setting block (VO) >>

vo@

GND ¢

' *: ESD protection element
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(Continued)
<Charge current setting block> <Over current detection block>
VB ¢
VB ¢ *
s |
é wm [T
+INC -INC ‘Bﬁ """
5 [ I I
* * GNDQi
GND ¢ ®
<<Output voltage setting block (REFIN)>> <<Oversaturation detection block>>
VB  G— VB< o
t*
LSAT
&
REFIN
GND qi GND q 7' o—
<<Output block (OUT-1)>> <<Output block (OUT-2)>>
o CB @ VB
"'_| x* x* ____* *
o 20) OUT-1 OuUT-2
---_| t* ____| *
(9 Lx GND ¢—
GND ¢ o (14) PGND
*: ESD protection element
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12. Example Application Circuit

18] vBIN ve |16, Ovs

C4
1
IN
D2

231 vo
VB
u FB CB 2

-INC

R

VCC

15V
17 ?
] LNe VCC © VIN

1 1=
O o

%@PGND

I
C16

8
CTLO—— CTL

VB 20

OUT-1
Lg LSAT

MB39A130A

]
L]

i 100 1Lm

LX

1.2V,3A

VREF L1

REFIN S -
AN iy ——
out2 | 1° ;Im AN 8
C10 4
! 5

C5-2

b

CS

©
COVP fal B PGND1

13| FSw

7
74; R5 22| gt PGOOD PGOOD
c12
Il

CUVP

PGND

1
7-17— GND
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13. Parts List
Component Item Specification Vendor Package Part number Remarks
VDS =30V, Dual type
Q1 N-ch FET D8 A Rom- 21 mQ RENESAS S0-8 WPA2755 (2 olemonte)
. lo=1A, VRRM = 40 V, .
D1 Diode VE — 055V ot IF - 1A ONsemi | SOD-123FL MBR140SFT1
D2 Diode VF zl(l):'f\é (ZM:X) at ON semi SOD-523 BAT54XV2T1G
L1 Inductor 2.2 uH (10 mQ, 6.1 A) TDK — RLF7030T-2R2M5R4
C1-1 Ceramic 22 uF (25V) TDK 3225 C3225JC1E226M
capacitor
c1-2 Ceramic 22 uF (25 V) TDK 3225 C3225JC1E226M
capacitor
c4 Ceramic 4.7 uF (6.3 V) TDK 1608 C1608JB0J475M
capacitor
C5-1 POSCAP 220 uF (4 V, 40 mQ) SANYO D 4TPC220M
c5-2 Ceramic 1000 pF (50 V) TDK 1608 C1608CH1H102J
capacitor
c7 Ceramic 0.1 uF (50 V) TDK 1608 C1608JB1H104K
capacitor
co Ceramic 0.1 uF (50 V) TDK 1608 C1608JB1H104K
capacitor
c10 Ceramic 0.022 uF (25 V) TDK 1608 C1608JB1H223K
capacitor
c11 Ceramic 470 pF (50 V) TDK 1608 C1608CH1HA471J
capacitor
c12 Ceramic 470 pF (50 V) TDK 1608 C1608CH1H471J
capacitor
c13 Ceramic 470 pF (50 V) TDK 1608 C1608CH1HA471J
capacitor
c16 Ceramic 0.1 uF (50 V) TDK 1608 C1608JB1H104K
capacitor
R5 Resistor 43 KQ SSM 1608 RR0816P433D
R13 Resistor 100 kQ SSM 1608 RR0816P104D
R14 Resistor 56 kQ SSM 1608 RR0816P563D
R15 Resistor 43 kQ SSM 1608 RR0816P433D
R16 Resistor 22 kQ SSM 1608 RR0816P223D
RENESAS : Renesas Electronics Corporation

ON semi : ON Semiconductor
SANYO : SANYO Electric Co., Ltd.
TDK : TDK Corporation

SSM : SUSUMU Co.,Ltd.
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14. Application Note
[1] Setting Operating Conditions
Setting output voltages

1. When the output setting voltages (Vp) are 1.2V and 2.5 V:

They can be set by the internal preset function. In this case, the smallest number of parts is required for the setting, as it is not
necessary to apply a reference voltage externally or use a resistor to set the output voltage.

Output voltage setting value (V)

REFIN pin FB pin
GND VB Vo=12V
VB VB Vo=25V

VB: Power supply voltage of control system (VB voltage)

2. When the output setting voltages (Vp) are other than 1.2V and 2.5 V:
They can be set by fixing the reference voltage of Error Comp. to 0.7 V and adjusting the output voltage setting resistor value ratio.

For setting Vo = 1.5V, use it with REFIN = VB.

REFIN pin FB pin Output voltage setting value (Vg)
Output setting voltage setting resis- _ R1+R2 AVg
GND tor connected Vo= T R2 x0.7 +
Output setting voltage setting resis- _ R1+R2 AVg
VB tor connected Vo= T R2 x1.457 +

AVg = ESRx Vin=Vo Vo
L Vinxfosc
AVg : Output ripple voltage [V]
L : Coil inductor value [H]
VIN : Power supply voltage [V]
Vo : Output setting voltage [V]

fosc : Oscillation frequency [Hz]

The output ripple voltage value is calculated by the following formula.

Vo VO

R1
FB

R2
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3. When setting / changing the output setting voltage dynamically:
The output voltage can be set / changed dynamically by changing the REFIN voltage (Vrggny) under the following condition

The output voltage setting value can be set within the range from 0.855 V to 3.762 V

VB: Power supply voltage of control system (VB voltage)
REFIN pin FB pin Output voltage setting value (V)
Following voltage applied externally B
When the output voltage set as mentioned above the method 2 or 3, select a resistor value that achieves

Note
R1//R2 < 50 [kQ] as a target.

Document Number: 002-08423 Rev. *A

Downloaded from AFFOW.Com.

Page 33 of 67


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

5 oL
MB39A130A

.==‘ CYPRESS

PERFORM

m !ﬁu

In output voltage setting method 2 or 3, the oscillation frequency may become unstable, if the output voltage setting resistor value
ratio (R1/R2) is high. This occurs because the value of the ripple voltage applied to the FB pin is reduced by the R1/R2 ratio. In this
case, a stable oscillation frequency can be achieved by increasing the output ripple voltage or adding a capacitor in parallel to R1.

Select an additional capacitor using the following formula as a guide.

o5 10x(R1+R2)
B 2nxfoscxR1XR2

Crp : Feedback capacitor [F]
R1,R2  : Output voltage setting resistor value [Q]

fosc : Oscillation frequency [Hz]

VO

Vo
R1 —_ CFB

R2

FB

Moreover, the output voltage increases because the output ripple voltage increases by adding a capacitor
The following formula is used to calculate the output voltage increase. If it is required to adjust the output voltage, change the output

voltage setting resistor value.

(Vo — INTREF) XAV,

Vo_orrset = 2xINTREF
Vo orrser  : Output setting voltage offset value [V]
Vo : Output setting voltage [V]
AVp : Output ripple voltage [V]
INTREF : Error Comp. reference voltage [V]

(For details, see “Output Voltage Setting Table” in “Function”) .

AVo
Vo _oFFseT
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Consideration of output ripple voltage
This device requires an output ripple voltage as an operating principle. It must secure about 20 mV at the FB pin voltage. Calculate

the output ripple voltage required for the output of the DC/DC converter by the following formula.

AV=Kx20 mV

AVp : Output ripple voltage [V]
Vo
K : Coefficient: When CFB i d: K=1; When Crg i tused: K= -
oefficien en is use ; When Cgg is not use NTREF
Vo : Output setting voltage [V]

INTREF : Error Comp. reference voltage [V]
(For details, see “Output Voltage Setting Table” in “Function”) .

A stable oscillation frequency can be achieved by increasing the output ripple voltage.
The output ripple voltage can be increased by selecting a larger output capacitor ESR or a smaller inductor value.

However, if the output ripple voltage is increased excessively, the slope of the output ripple voltage during the off-period becomes
steeper, which affects the bottom detection voltage more. As a result, it affects the output voltage. This become prominent, if it
increase on-duty or oscillation frequency. Ensure that the ripple voltage at the FB pin is not excessively large.

Setting oscillation frequency
The operating frequency can be set as shown in the following table, according to the state of the RT and FSW pins.

RT FSW Operating frequency
Connect resistor (Rgt) be- . "
tween RT and GND GND Frequency set by the following Ryt formula
GND VREF (~ 300 kHz)
GND VB (~ 550 kHz)
* .
( 10 Vgex30 )
fosc Vo 3 3
RrT= 20x10 * < RrT <160 x 10
RT 0.059 RT
RRrT : Timing resistor value [Q]
Vee : Power supply voltage (V) [V]

Vo : Output setting voltage [V]

fosc : Oscillation frequency [Hz]
Note: Set the oscillation frequency so that the on-time (tgN) is more than 100 ns and the off-time (togg) is more than the minimum

off-time. (For how to calculate the on-time and the off-time, see “ (9.5) ON/OFF Time Generator Block” in “Function”.
For the minimum off-time, see “ON/OFF Time Generator Block [ton Generator]” in “Electrical Characteristics”.)
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Setting over voltage protection function/under voltage protection function
For each function, the timer can be set for the time until it stops. Calculate each setting capacitor value by the following formula.

1 Xto\/p
Covp=—~5 —

Covp : OVP pin capacitor value [pF]
tovp  : Over voltage detection time [us]
VB : VB power supply voltage [V]

11 XtUVP
Cuvp = —VB

Cuvp : UVP pin capacitor value [pF]
tuvp  : Under voltage detection time [us]
VB : VB power supply voltage [V]

Connect the COVP pin to GND when not using the over-voltage protection function.
Connect the CUVP pin to GND when not using the under-voltage protection function.

Setting over current protection function / oversaturation protection function

Used to limit load current.
Output voltage drops to limit the over-current flowing. When the over-current status is finished, the out-

Over current protec- .
tion function put voltage gets paclf to thg normal setting value. N . .

(If the latch function is required to stop the output, it is realized to be used together with the under volt-
age protection function.)
Use this function if there is a concern about saturation of the inductor (a decrease in inductance) due
to inductor current that flows when the above over current is detected. This function is not required when

Oversaturation pro- a inductor with a sufficient amount of current is used.
P Output voltage drops to limit the over-current flowing. When the over-current status is finished, the out-

tection function )
put voltage gets back to the normal setting value.

(If the latch function is required to stop the output, it is realized to be used together with the under volt-

age protection function.)

A current sense resistor is connected between the inductor and output, when using the over current protection/oversaturation

protection function. Since the input limit of +INC is 2.9 V, the following conditions must be met.
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AlL
2

2.9> ( IL|M + ) XRS+VO
AIL  : Ripple current peak-to-peak value of inductor [A]

Vo @ Output setting voltage [V]
: Over current detection value [A]

ILim
Rs : Current sense resistor value [Q]
ViN—V V
AlL = IN (0] x O
L Vin<fosc
L . Inductor value [H]

V|n  : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]
fosc : Oscillation frequency [Hz]
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VB OuT-1

LX
LSAT OuT-2
PGND

+INC

—-INC

77

7T

€ voltage at the FINC pin exceeds 2.9 V due 1o the output voltage setting value, connect a current sense resistor between GND

If t
and the source of the low-side FET.

VB OouT-1

LX

LSAT OUT-2
—-INC

+INC

PGND
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The oversaturation protection function cannot be used in this connecting arrangement. Connect the LSAT pin to the VB pin. Also, it
is necessary to confirm that the voltage between LX and GND when the low-side FET is turned on is smaller than the forward
voltage of the fly-back diode. Calculate the voltage between LX and GND by the following formula.

Vix=( lum + )x( Rs+Ron )

Vix : Voltage between LX and GND

AlL : Ripple current peak-to-peak value of inductor [A]
ILm : Over current detection value [A]

Rs : Current sense resistor value [Q]

Ron : Low-side FET on-resistance [(]

It is also necessary to confirm that the minimum voltage at the -INC pin is -0.3[V] or more. Calculate the -INC pin voltage by the
following formula.

AlL
Vine M= — ( lum + — ) *xRs
Vine_min @ —INC minimum voltage
AIL : Ripple current peak-to-peak value of inductor [A]
ILim : Over current detection value [A]
Rs : Current sense resistor value [Q]

The on-resistance of the low-side FET can be used to detect over-current conditions by connecting the +INC pin and the —INC pin to
the low-side FET drain and source.

VB OUT-1 H
Vo
LX
LSAT  —INC
B ouT-2 H N
VIN
+INC —e
PGND |—¢—
77T 77 77T
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Since this connection arrangement does not require a current sense resistor, it is cost-effective. It is also advantageous in
conversion efficiency, as there is no loss related to a current sense resistor. However, as the over current detection value (I ;) is
affected by fluctuation / variation in the on-resistance of the low-side FET, enough margin must be secured for the maximum load
current (lopmax) - When calculating the over current detection value, replace the current sense resistor value (Rg) with the

on-resistance of the low-side FET (Rgy) -
In addition, the oversaturation protection function cannot be used. Connect the LSAT pin to the VB pin.

(1) When using oversaturation protection function and over current protection function
Calculate each setting resistor value of the over-current detection value (I ;) and the oversaturation detection current value (I saT)
by the following formula.

AlL , AL AlL

Kum = 4xRgx (v — T) Kum'= 4xRgx (v’ — —5 KisaT = 4XRgX (I saT — T)
R3 « R2+R3 RI+R2+R3 = ROAOSKy  _
RT+R2+R3 UM RIYR2+R3 LSAD R3 25 — LM

100x103>R1 + R2 + R3>30x103

— 5
LSAT™ T oscxR1MI(R2+R3)

: Over current detection value [A] ( 2xlgpax2ILim=1-5%lomax as target)

ILim
ILv’ : Current detection value after oversaturation detection [A]
(Ium’ = 1.2xlgTyp as target)
I saT : Oversaturation detection current value [A]
2.5xAlL
(|LSATZ1 .5><||_|M — ; as target)
AIL : Ripple current peak-to-peak value of inductor [A]
Rs : Current sense resistor value [Q]
lomax : Maximum load current [A]
Cisat  : LSAT pin connection capacitor value [F]
fosc : Oscillation frequency [Hz]

VREF
R1
C
AT LSAT
R2
ILIM
R3
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(2) When only using over current protection function
Connect the LSAT pin to the VB pin to disable the oversaturation protection function

The over current detection value is set using the resistor value connected to the ILIM pin
Calculate each resistor value by the following formula.

AlL )

1
( _— 1)2R2, KLIM = 42R82 ( ILIM - 2

R1=
Kuim

100 x10%>R1 + R2>30x10°

: Over current detection value [A]

ILim
AIL : Ripple current peak-to-peak value of inductor [A]
Rs : Current sense resistor value [Q]

VB
VREF
LSAT
R1
ILIM
R2

When setting the over current detection value internally, connect the ILIM pin to the VB pin
This setting does not require the resistor to set the over current detection value (I )
Calculate the internally set over current detection value (I ;) by the following formula

005 AL
LM™ 5 4+ o
Rs + 2

: Over current detection value [A]

ILim
AIL : Ripple current peak-to-peak value of inductor [A]
Rs : Current sense resistor value [Q]
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Power dissipation and the thermal design
As for this IC, considerations of the power dissipation and thermal design are not necessary in most cases because of its high

efficiency. However, such considerations are necessary for the use at the conditions of a high power supply voltage, a high
oscillation frequency, high load, and the high temperature.

Calculate IC internal loss (P,c) by the following formula.

Pic = Veex (Icc +Qgxfosc)

Pic : IC internal loss [W]

Vee : Power supply voltage [V] (V|n)

lcc : Power supply current [A] (2.2 mA Max)

Qg : Total quantity of charge for all switching FET [C] (Total at Vgs =5V)
fosc : Oscillation frequency [Hz]

Calculate junction temperature (Tj) by the following formula.

Tj= Ta+ 6jaxP|c

Tj : Junction temperature [°C] ( + 125°C Max)

Ta : Operation ambient temperature [°C]

Oja : TSSOP-24 Package thermal resistance (+ 76°C/ W)
Pic : IC internal loss [W]

VB Regulator
In the condition for which the potential difference between VCC and VB is insufficient, the decrease in the voltage of VB happens

because of power output on-resistance and load current (mean current of all external FET gate driving current and load current of
internal IC) of the VB regulator. Stop the switching operation when the voltage of VB decreases and it reaches threshold voltage

(VTHL) of the under voltage lockout protection circuit.

Therefore, set oscillation frequency or external FET or I/O potential difference of the VB regulator using the following formula as a
target when you use this IC. When using it in the condition for which the 1/O potential difference is insufficient, check the operation on

an actual device carefully during normal operation, startup and shutdown.

ViN> VB (ytHL) + (Qgxfosc + lcc) XRys

VN : Power supply voltage [V]

VB (yTHL) : Threshold voltage of under-voltage lockout protection circuit = 3.5 [V] Max
Qg : Total amount of gate charge of external FET [C]

fosc : Oscillation frequency [Hz]

lcc : Power supply current = 3x1072 [A] (~ Load current of VB (LDO))

Rve : Output on-resistance = 100 [Q?] (The reference value at V| =4.5V)
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[2] Selection of Parts

Selection of smoothing inductor
As an approximate guide, the inductor value to be selected should be a value which allows the ripple current peak-to-peak value of

the inductor to be 50 [%0] or less of the maximum load current.

Calculate the inductor value in this case by the following formula.

Vin—-Vo Vo

>
= LORxlomax  Vinxfosc
L : inductor value [H]
lomax  :Maximum load current [A]
LOR : Ratio of inductor ripple current peak-to-peak value and Maximum load current (0.5)
VIN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]

fosc : Oscillation frequency [Hz]

It is necessary to calculate the maximum current value that flows to the inductor to judge whether the electric current that flows to the
inductor is a rated value or less. Calculate the maximum current value of the inductor by the following formula.

AlL
ILmaxZlomax + 5

AlL= Ymn—Vo Vo
L Vin<fosc
ILpax : Maximum current value of inductor [A]
lomax  : Maximum load current [A]
AL : Ripple current peak-to-peak value of inductor [A]
L : Inductor value [H]
VN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]
fosc : Oscillation frequency [Hz]

Inductor current

II—MAX

IOMAX y
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Selection of Switching FET
The maximum value of the current that flows to the switching FET must be calculated in order to determine whether the current
flowing to the switching FET is within the rated value. Calculate the maximum value of the current that flows to the switching FET by

the following formula.

AlL
ID = IOMAX + T

: Drain current [A]

Ip
lomax  : Maximum load current [A]
AL : Ripple current peak-to-peak value of inductor [A]

Moreover, it is necessary to calculate the loss of switching FET to judge whether a power dissipation of switching FET is a rated

value or less.
Calculate the conduction loss on the switching FET by the following formula.

High-side FET conduction loss
V

— 2 ¢}

ProN = lomax™Ronx 7=

IN

: High-side FET conduction loss [W]

Pron

lomax : Maximum load current [A]

VIN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]

Ron : High-side FET ON resistance [Q]

Low-side FET conduction loss

Pron = lopax®xRonx (1 - \\//O )
IN
PronN : Low-side FET conduction loss [W]
lomax : Maximum load current [A]
VIN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]
Ron : Low-side FET on-resistance [Q]

The gate drive power of switching FET is supplied by LDO in IC, therefore all of the allowable maximum total gate charge
(QgTotalMax) of all switching FET is calculated by the following formula.

30000

QdTotalMax < e
osc

: Allowable maximum total gate charge of all switching FET [nC]

QTotaMax
: Oscillation frequency [kHZz]

fosc
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Selection of fly-back diode
Select schottky barrier diode (SBD) with the smallest possible forward voltage (Vf)

In this DC/DC control IC, the period where electric current flows to fly-back diode is limited to synchronous rectification period (50
nsX2) as the synchronous rectification method is used. For example, when the oscillation frequency is 600 kHz, the current flow
time rate is 6%. Therefore, select a fly-back diode current that does not exceed the forward current surge peak ratings of fly-back

diode (Iggym) - Calculate the forward current surge peak ratings of fly-back diode by the following formula

AlL
lFsm=lomax + ——5—

: Forward current surge peak ratings of SBD [A]

lFsm
lomax  : Maximum load current [A]
AL : Ripple current peak-to-peak value of inductor [A]

Note: When the forward voltage (Vf) of schottky barrier diode (SBD) is high and the load current of DC/DC output is large, the
output may be stopped due to false detection by the protection function. This problem can be solved by changing to schottky barrier

diode (SBD) of a smaller forward voltage.
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Selection of output capacitor
A certain level of ESR is required for stable operation of this IC. Use a tantalum capacitor or polymer capacitor as the output

capacitor. A ceramic capacitor with low ESR can also be used if a resistor is connected in series with it to increase ESR equivalently.

Calculate the necessary ESR value for the output capacitor by the following formula.

AV
ESR> = O
AlL
ESR : Series resistance component of output capacitor [Q]
AVg : Output ripple voltage [V]
AIL : Ripple current peak-to-peak value of inductor [A]

Select the output capacitor value using the following condition as a guide.

c 1
O T 4xfogcxESR
Co : Output capacitor value [F]
fosc : Oscillation frequency [Hz]
ESR : Series resistance component of output capacitor [Q]

Moreover, the output capacitor value needs to satisfy the following formula too, because of the amount of

tolerance limit of output voltage overshoot/undershoot.
The following formula applies when the current through rate for a sudden load change is 90, which is the worst condition.

For actual through rates are smaller than oo, the output capacitor value to be used can be smaller than the value calculated by the

following formula.

Alg?xL
ZXVOXAVO_OVER

e ¢ e Overshoot condition

CoZ

Alg?xLx (Vg + Vin<foscx480x1079)
e e ¢ Undershoot condition

CoZ
2xVoxAVo unperX (VIN — Vo — Vinxfoscx480x109)
Co : Output capacitor value [F]
AVo OVER : Allowable amount of output voltage overshoot [V]
AVO_UNDER : Allowable amount of output voltage undershoot [V]
Alg - : Electric current difference in sudden load change [A]
L : Inductor value [H]
VN : Power supply voltage [V]
Vo : Output setting voltage [V]
fosc : Oscillation frequency [Hz]

Note: The capacitor has frequency, operating temperature, bias voltage and other characteristics. Therefore, it must be noted that its
effective capacitance may be significantly smaller, depending on the use conditions.

Calculate the allowable ripple current of the output capacitor by the following formula.
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[rms> 7AIL
- 2/3
Irms : Allowable ripple current (effective value) [A]
AL : Ripple current peak-to-peak value of inductor [A]

Selection of input smoothing capacitor
Select the input capacitor with the smallest possible ESR. A ceramic capacitor will be ideal.

Use a polymer capacitor or tantalum capacitor with low ESR, if a ceramic capacitor is not enough and a mass capacitor is required.

Calculate the required capacitor value of the input capacitor using the following formula as a guide.

VoxC
Cin 0*Lo
VIN
Cin : Input capacitor value [F]
Co : Output capacitor value [F]
Vo : Output voltage [V]
VIN : Power supply voltage of switching system [V]

A ripple voltage occurs due to the switching operation of DC/DC, if a inductor is connected as a noise filter between the power
supply of the switching system and the input capacitor and the cut-off frequency for this inductor and input capacitor is set to a value
lower than the oscillation frequency. In this case, consider the lower limit of the input capacitor also in relation to the allowable ripple

voltage.
Calculate the ripple voltage of the power supply of the switching system by the following formula.

lomax Vo AlL
AV|N = X + ESRx (IOMAX + )
CiN Vinxfosc
AV|N : Switching system power supply ripple voltage peak-to-peak value [V]
lomax  : Maximum load current value [A]
CiN : Input capacitor value [F]
VN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]
fosc : Oscillation frequency [Hz]
ESR : Series resistance component of input capacitor [Q]
AL : Ripple current peak-to-peak value of inductor [A]

Note: The capacitor has frequency, temperature, bias voltage and other characteristics. Therefore, it must be noted that its effective
value may be significantly smaller, depending on the use conditions.
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The ripple current must be considered when using a capacitor that has a rated value for its allowable ripple current.
Calculate the ripple current by the following formula.

Irms>  IopmaxX Vox (Vin = Vo)
Vin
Irms : Allowable ripple current (effective value) [A]
lomax  :Maximum load current value [A]
VN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]

Current sense resistor
Select a ripple voltage (AVgg) of about 100 mV as a target for the inductor current and the current sense resistor. Calculate the

resistor value by the following formula.

AVR
Rg> s
S AlL

v — —
Rs : Current sense resistor value [Q?] (or low-side FET on-resistance (Rgy) )
AVRg : Ripple voltage of current sense resistor [V] (about 100 mV is recommended as a target)
ILim : Current limit value [A]
AL : Ripple current peak-to-peak value of inductor [A]

Select the power dissipation of the current sense resistor so that it does not exceed the allowable dissipation amount.

Power dissipation of current sense resistor = RSxlgyax?X (1 = Vo/Vin) [W]

: Current sense resistor value [Q] (or low-side FET on-resistance (Roy))

Rs

lomax  : Maximum load current value [A]

VN : Power supply voltage of switching system [V]
Vo : Output setting voltage [V]
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Boot strap diode
Select Schottky barrier diode (SBD) with the smallest possible forward current.

The electric current that drives the gate of high-side FET flows to boot strap diode.
Calculate the mean current by the following formula. Select it so as not to exceed the electric current ratings.

IDZ QGXfOSC
Ip : Forward current [A]
Qg : Total quantity of charge of gate on high-side FET [C]
fosc : Oscillation frequency [Hz]

Boot strap capacitor
To drive the gate of high-side FET, the bootstrap capacitor must have enough stored charge. Therefore, a minimum value as a

target is assumed the capacitor value which can store electric charge 10 times that of the Qg on high-side FET. And select the boot

strap capacitor.

Cgoot= 0.002xQg

Cgoot : Bootstrap capacitor value [uF]
Qg : Amount of gate charge on high-side FET [nC]

VB pin capacitor

2.2 yF is assumed to be a standard, and when Qg of Switching FET used is large, it is necessary to adjust it. To drive the gate of
high-side FET, the bootstrap capacitor must have enough stored charge. Therefore, a minimum value as a target is assumed the
capacitance which can store electric charge 100 times that of the Qg on Switching FET. And select it.

Moreover, capacitor change may cause an overshoot when CTL was turned on.
Although the overshoot does not affect DC/DC operation, it must be made sure that the VB pin does not exceed its rating before its

application.

CVBZ 002><Qg

: VB pin capacitor value [uF]

Cvs
: Total amount of gate charge on Switching FET [nC]

Qg
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Setting method of soft-start time
To prevent a rush current to IC starting, soft-start time can be set by connecting a soft-start capacitor (Cg) to the CS pin.

When the IC starts with the CTL pin set to the “H” level, the bias voltage output capacitor (Cyg) which is externally connected to the
VB pin starts charging. When the threshold voltage VB=UVLO_VB is reached, the reference voltage output capacitor (Crgg) which
is externally connected to the VREF pin starts charging. When the threshold voltage VREF>UVLO_VREF is reached, the soft-start

capacitor (Cg) which is externally connected to the CS pin starts charging at 5 pA.
The lower one of the electric potentials of the two non inverting input pins (INTREF, CS pin voltage) is compared with the voltage at

the inverting input pin (INTFB) and Error Comp. output is decided. Consequently, the output of Error Comp. during the soft-start
period (CS pin voltage <INTREF) is determined by comparing the INTFB voltage with the voltage at the CS pin, and the output
voltage of the DC/DC converter increases in proportion to the voltage at the CS pin due to the charging to the soft-start capacitor that

is externally connected to the CS pin. Calculate the soft-start time by the following formula.
ts~ 0.22xINTREFxCgx10°

ts : Soft-start time [S] (time until output reaches 100%)
INTREF  : Error Comp. reference voltage [V]
Cs : CS pin capacitor value [F]

Note: If the CTL pin is changed from “H” to “L”, IC’s internal SW (Rpn = 16 Q) which is connected to the VO pin is turned on to
discharge output. When the output voltage falls below 0.3 V, the IC shuts down.

Calculate the soft-start starting time by the following formula.

tds ~ (80 + 4.50x10%xCyg*)
X (9.40x10xVc* — 6.36x103xV 3 + 1.57x10 "XV 2 — 1.66xV¢ + 7.30) + 15.0

tds : Soft-start starting time [ns] (time until soft-start operation starts)
Vee : Power supply voltage [V] (=V|y [V])
Cvs : VB pin capacitor value [F]
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MB39A130A

Error Comp. refer-
ence voltage

Soft-start time (ts)

IC standby

CTL signal

L — \TTTTTTTmmmmmmmmmmmmmmmmmen

y
y

Soft-start starting time (tds)
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About the synchronization of multiple units of IC
The power ON/OFF sequence must be controlled, if multiple units of MB39A130A are used to supply various power supply voltages
to the system. In this case, the connection shown in the following diagram may be adopted to allow simultaneous
soft-start/discharge operation of multiple ICs using the same timing during power-up/power-down. It should be noted that as
discharge operation is performed by NMOS SW, the decreasing rate of the output after CTL is disconnected varies depending on

the setting of each output.

<Connection example 1> When aligning soft-start time

When aligning the soft-start time, set the reference voltage of Error Comp. of each IC to the same value.

For example, short all of the REFIN pins (Pin 2) of ICs to GND.

CTL

DC/DC 1: Vo=2.0V set

4:CS Vo:23
FB:24
MB39A130A

8:CTL REFIN:2

|w)

C/DC2:Vo=15V

4:.CS Vo:23

FB:24 1

MB39A130A

8:CTL
REFIN:2

;l/;Cs

104 kQ

56 kQ

}L«M

set

64 kQ

56 kQ

al-w%

\Y

Vo

CTL

<DC/DC 2 >

<DC/DC 1>

<Connection example 2> When aligning soft-start slope

When aligning the slope of the output voltage of each IC at soft-start, use the same output voltage setting resistor value ratio for all
of the ICs and adjust the output voltages by adjusting the reference voltage of Error Comp.

CTL

DC/DC 1: Vo=2.0V set

4:CS Vo:23
FB:24
MB39A130A

8:CTL REFIN:2

DC/DC 2:Vo=1.5V

1

set%

—4:CS Vo:23
FB:24 1
MB39A130A
8:CTL
REFIN:2

Te

M

64 kQ

56 kQ

(1.167 V) Vo

64 kQ

56 kQ

\Y

CTL

20V-~"""--

<DC/DC 1 >

<DC/DC 2 >

1.5V~~~
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=2 CYPRESS MB39A130A

Consider the points listed below and do the layout design.

» Provide the ground plane as much as possible on the IC mounted face. Connect bypass capacitor connected with the VCC and
VB pins and GND pin of the switching system parts as well as the PGND pin of the IC with switching system GND (PGND) .
Connect other GND connection pins with control system GND (AGND), and separate each GND, and try not to pass the heavy
current path through the control system GND (AGND) as much as possible. In that case, connect control system GND (AGND)
and switching system GND (PGND) at a single GND (PGND) point of the IC.

» Connect the switching system parts as much as possible on the surface. Avoid the connection through the through-hole as much
as possible.

» As for GND pins of the switching system parts, provide the through hole at the proximal place, and connect it with GND of internal
layer.

» Pay the most attention to the loop composed of input capacitor (Cy) , switching FET, and fly-back diode (SBD) . Consider
making the current loop as small as possible.

» Place the boot strap capacitor proximal to CB and LX pins of IC as much as possible.

» Large electric current flows momentary in the net of OUT-1 and OUT-2 pins connected with the gate of switching FET. Wire the
linewidth of about 0.8 mm to be a standard, as short as possible.

» By-pass capacitor connected with VREF, VCC, and VB, and the resistor connected with the RT pin should be placed close to

the pin as much as possible.

Also connect the GND pin of the bypass capacitor with GND of internal layer in the proximal through-hole.

+INC and —-INC pins are very sensitive to noise. Therefore, pull them out individually near a pin of the element that plays the

current sense role. Then, wire them close to each other through remote sensing (Kelvin connection) .

Also consider keeping them away from switching system parts as much as possible.

Pull the feedback line to be connected to the VO pin of the IC separately from near the output capacitor pin, whenever possible,

in order to feed back it to the IC more accurately. It is the ripple voltage which is generated from ESR of the output capacitor.

Consider the net connected with VO and FB pins to keep away from a switching system parts as much as possible because it

is sensitive to the noise. Moreover, place the output voltage setting resistor connected with this net close to the IC as much as

possible, and try to make the net as short as possible. In addition, for the internal layer right under the mounting part of the output
voltage setting resistor, provide the control system GND (AGND) of few ripple and few spike noises, or provide the ground
plane of the power supply voltage as much as possible.
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==2# CYPRESS MB39A130A

Switching system parts:  Input capacitor (Cy) , Switching FET, Fly-back diode (SBD), Inductor (L),
Current sensor (Rs) , Output capacitor (Co)

GND Layout Example
Example layout of SW system parts
Layout of output voltage o
setting resistor Switching FET
A |
AGND ! : S\ ¥E o v
Tping e = =
=\ e ClN
O[Tl E él]:[lo 5 4 B PGND
] = = =TS o
g E [[TIOPGND s8] o =
: ~ 5 113 Rs
] VB L alle
(0]
i To +INC and —INC \
Connect GND and % To VO
PGND at a single point Through-hole
Surface Internal
layer
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15. Reference Data
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Output voltage vs.Load current
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Load current I (A)

Conversion efficiency vs.Load current
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FSW=VREF
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Load current 15 (A)
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- PERFORM
(Continued)
CTL Startup Waveform CTL Shutdown Waveform
| | 200 l/d'
1 ms/div us/av
CTL : 5 V/div Ay CTL : 5 V/div T
A
! —
Vo : 1 V/div e Vo : 1 V/div
™
.
LX : 10 V/div
LX :10 V/div
| |
| |
VIN=15V, RT =43 kQ, Ta = +25 °C,

VIN=15V, RT =43kQ, Ta=+25°C,Vo=1.2V
Soft-start setting time = 3.1 ms, Io =3 A (0.4 Q)

Vo=12V,lo=3A (0.4 Q)

Output Over Current Waveform (UVP Disabled)

Output Over Current Waveform(UVP Enabled)
| | T
- 100us/div Vo : 0.5 V/div Vo : 0.4 Vidiv -
mwmiwk
\ lo:2Asdiv
Sl I
0 i_z A/d|lv 1 ms/div
LX: 10 V/div]
0
LX:10 V/div

' Under voltage

' Over current
protection

protection
VIN=15V Vo=1.2V, RT =43 kQ, Ta=+25 °C

Normal operation

Normal operation Over current Normal operation
protection

VIN=15V, RT =43 kQ, Vo=1.2V, CUVP = GND,
Ta=+25°C

(Continued)
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B PERFORM
(Continued)
Dynamic Output Voltage Transition Load Sudden Change Waveform
25V | Vo :50 mV/div (1.2 V offset)
1.2V
Vo: 0.5 Vidiv 1.46V o : 2 A/div
v e e e 3A
VREFIN : 0.5 V/div
o I I 0A
0.7V .
500 us/div 100 ps/div

VIN=15V,l0=0A, RT =43 kQ, Ta=+25 °C

VIN=15V,Vo=1.2V
lo=0«<—>3A, RT=43kQ, Ta=+25°C
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16. Usage Precaution

1. Do not configure the IC over the maximum ratings.

If the IC is used over the maximum ratings, the LS| may be permanently damaged.
It is preferable for the device to normally operate within the recommended usage conditions. Usage outside of these conditions can

have an adverse effect on the reliability of the LSI.

2. Use the device within the recommended operating conditions.
The recommended values guarantee the normal LS| operation under the recommended operating conditions.
The electrical ratings are guaranteed when the device is used within the recommended operating conditions and under the

conditions stated for each item.
3. Printed circuit board ground lines should be set up with consideration for common impedance.

4. Take appropriate measures against static electricity.
» Containers for semiconductor materials should have anti-static protection or be made of conductive material.
» After mounting, printed circuit boards should be stored and shipped in conductive bags or containers.

» Work platforms, tools, and instruments should be properly grounded.
» Working personnel should be grounded with resistance of 250 kQ to 1 MQ in serial body and ground.

5. Do not apply negative voltages.
The use of negative voltages below —0.3 V may make the parasitic transistor activated to the LSI, and can cause malfunctions.
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17. Ordering Information
Part number Package Remarks
24-pin plastic TSSOP
MB39A130APFT (FPT-24P-M09)
18. Ev Board Ordering Information
Part number EV board version No. Remarks
MB39A130A-EVB-02 MB39A130AEVB-02 Rev3.0

19. RoHS Compliance Information Of Lead (Pb) Free Version

The LSI products of Cypress with “E1” are compliant with RoHS Directive, and has observed the standard of lead, cadmium,
mercury, Hexavalent chromium, polybrominated biphenyls (PBB), and polybrominated diphenyl ethers (PBDE) . A product whose

part number has trailing characters “E1” is RoHS compliant.
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20. Marking Format (Lead Free Version)

39A130A
XXXX

O E1 XXX

#
|

INDEX

Lead Free version
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21. Labeling Sample (Lead free version)

Lead-free mark

JEITA logo JEDEC logo
MB123456P - 789 - GE1 » J
(3N) 1MB123456P-789-GE1 100 G @
A ™
(3N)2 1561190005 107210 QC PASS
T e
1,000 PCS

B123456P - 789 - GE1
i T

ASSEMBLED IN JAPAN

2_09610_3/_01_ _____________ —
789 - GEA1
||||II|I|I||II||||I||I|| 1/1} 0605 - ZO1A \ 1000

1561190005

\

“ASSEMBLED IN CHINA” is printed on the label
— of a product assembled in China.

The part number of a lead-free product has
the trailing characters “E1”.
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22. MB39A130APFT Recommended Conditions of Moisture Sensitivity Level

[Cypress Recommended Mounting Conditions]

Condition

Item

Mounting Method

IR (infrared reflow) , warm air reflow

2 times

Mounting times

Please use it within two years after

Storage period

Before opening

Less than 8 days

From opening to the 2nd reflow

Please process within 8 days

When the storage period after
opening was exceeded

after baking (125°C + 3°C, 24H+2H/-0H).
Baking can be performed up to two times.

Storage conditions

5°C to 30°C, 70%RH or less (the lowest possible humidity)
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[Mounting Conditions]

22.1 IR (infrared reflow)
260°C
255°C /\\
Main heating
170 °C
to
190 °C
RT (b) (c (d) (e)
|
(@) (d)
“H” rank : 260°C Max
(a) Temperature increase gradient : Average 1°C/s to 4°C/s
(b) Preliminary heating : Temperature 170°C to 190°C,60sto 180 s
(c) Temperature increase gradient : Average 1°C/s to 4°C/s
(d) Peak temperature : Temperature 260°C Max; 255°C or more, 10 s or less
(d’) Main heating : Temperature 230°C or more, 40 s or less
or
Temperature 225°C or more, 60 s or less
or
Temperature 220°C or more, 80 s or less
(e) Cooling : Natural cooling or forced cooling
NoteTemperature on the top of the package body

22.2 Manual soldering (partial heating method)
Condition

Item
Before opening Within two years after manufacture

Storage period Within two years after manufacture
Between opening and mounting (No need to control moisture during the storage peri-
od because of the partial heating method. )

5°C to 30°C, 70%RH or less (the lowest possible humidity)

Storage conditions
Temperature at the tip of a soldering iron: 400°C Max
Time: Five seconds or below per pin*

Mounting Method
* : Make sure that the tip of a soldering iron does not come in contact with the package body.
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23. Package Dimensions

(FPT-24P-M09)

24-pin plastic TSSOP Lead pitch 0.50 mm
Ps::ffgee";’;itgt: 4.40 mm x 6.50 mm
Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm MAX
Weight 0.08 g

24-pin plastic TSSOP
(FPT-24P-M09)

#6.50:+0.10(.256+.004)

TRARRARRARRT

BTM E-MARK

) +0.07

0.20 002
- 410.13(.005) ™
(.008:%%)

(] 0.10(.004)

© 2007-2010 FUJITSU SEMICONDUCTOR LIMITED F240325-c-2-5

#4.40:010  6.40+0.20
(173£.004) (.252+.008)

THHT

Note 1) Pins width and pins thickness include plating thickness.
Note 2) Pins width do not include tie bar cutting remainder.
Note 3) #: These dimensions do not include resin protrusion.

0.145:0.045
(:0057+.0018)

1T
s } Details of "A" part ‘
A [ | ;

Y +0.10
' | 1.10 015 . .

! Do ———=>— (Mounting height) |
| ﬁ S (.04378%) ghel |
2 |
[ \
A | R ‘
| 0~8° /, |
} v —1 v |
| r |
| 0.60£0.15 0.100.05 [
| (0242.006) (.004=.002) (Stand off) |
I

Dimensions in mm (inches).
Note: The values in parentheses are reference values.
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Document Title: MB39A130A 1ch DC/DC Buck converter IC with synchronous rectification
Document Number: 002-08423
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Sales, Solutions, and Legal Information

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office
closest to you, visit us at Cypress Locations.

Products PSoC® Solutions

ARM® Cortex® Microcontrollers cypress.com/arm cypress.com/psoc

Automotive cypress.com/automotive PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP
Clocks & Buffers cypress.com/clocks Cypress Developer Community
Interface cypress.com/interface Community | Forums | Blogs | Video | Training
Lighting & Power Control cypress.com/powerpsoc

Memory cypress.com/memory Technical Support

PSoC cypress.com/psoc cypress.com/support

Touch Sensing cypress.com/touch

USB Controllers cypress.com/usb

Wireless/RF cypress.com/wireless
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